Parkinson\'s disease (PD) is a chronic and progressive neurological disease, resulting from cell degeneration in the substantia nigra, responsible for the production of dopamine.[@B1] The disease affects 1% of the world\'s population over 65 years old, totaling approximately six million people.[@B2] The annual prevalence of the disease is around 160 cases per 100,000 population and its incidence is 4-21 cases per 100,000 population.[@B3] According to 2000 Census data, the life expectancy for the Brazilian population over 65 years increased by 21%. Therefore, it is estimated that 200,000 individuals will present PD, increasing the number of affected individuals in Brazil.[@B4] ^,^ [@B5]

PD is characterized by motor symptoms, such as resting tremor, muscular rigidity, postural instability, balance and gait disorders and other manifestations.[@B6] However, non-motor symptoms also occur during the course of the disease, such as changes in smell and disturbances in sleep,[@B7] which may promote physical and mental disability. In addition, patients may present cognitive deficits, as well as anxiety and depression symptoms, which cause significant impairments in quality of life.[@B8]

According to Radanovic, Stella, and Forlenza,[@B9] cognitive deficits may occur in the early stages of PD, manifested by alterations in episodic memory, language and thought. The most common cognitive changes in PD are problems of learning, memory, visuospatial processes and executive functions.[@B10] ^,^ [@B11] Deficits in executive functions are primarily associated with frontal lobe pathology, specifically due to the lack of dopamine in PD.[@B12] ^,^ [@B13]

Janvin et al.[@B14] found that over 50% of PD patients without dementia, demonstrated some cognitive alterations, and 20% had mainly memory deficits. In addition, 30% of patients suffer from executive dysfunctions. According to Galhardo, Amaral and Vieira,[@B15] changes in mnemonic, visuospatial, language and executive functioning occurred in individuals with PD.

According to studies, cognitive performance in elderly may be influenced by personality factors.[@B16] ^-^ [@B18] Personality may be understood as a continuum, in which healthy aspects such as autonomy, efficacy and adaptation to the environment are present, besides pathological factors, where the individual exhibits difficulties in adapting to specific contexts.[@B19]

There are countless models for studying personality. In the present study, the Big Five Factors model (BFF) was chosen, which comprises and characterizes personality for different factors: a) Neuroticism, which refers to the tension manifested in experiences of anxiety, anger and depression; b) Extraversion, which is related to sociability and vivacity; c) Openness to experience, which is associated with creativity, intellectual curiosity and need for variety; d) Agreeableness or socialization, which corresponds to the experiences of trust, altruism and sympathy; and e) Conscientiousness or achievement, which refers to the fulfilment of goals and values.[@B17] ^,^ [@B20]

Among the BFF, high scores in neuroticism have been highlighted[@B16] ^,^ [@B18] and low scores in openness to experience lead to worse cognitive functioning of elderly individuals.[@B16] ^,^ [@B21] Elevated neuroticism scores may also represent a risk factor for the development of mild cognitive decline (MCD) and dementia in the elderly.[@B16] ^,^ [@B18] ^,^ [@B20] Sutin et al.[@B22] showed that high levels of extraversion and low neuroticism are associated with better performance of patients on tasks of episodic memory. According to Booth et al.[@B23] high levels of openness to experience are associated with better performance in verbal memory and general cognitive ability.

In the literature, few studies have investigated personality factors in patients with PD. Studies have found that individuals with this pathology had a \"Parkinsonian Personality\", presenting specific aspects common to patients with PD. Individuals with PD tend to be more nervous, insecure, pessimistic, reserved, less exploratory and curious and dependent when compared to healthy elderly. However, it is believed that the Parkinsonian personality profile may be related to the recurrent existence of depression concomitant with PD.[@B10] ^,^ [@B24]

The study of the relationship between personality factors and cognitive functioning in elderly with PD is recent. Most studies investigate these variables in isolation or in healthy elderly individuals. Thus, the present study aimed to: a) characterize cognitive functioning, personality factors and prevalence of depressive and anxiety symptoms in patients with PD; b) verify relationships between personality factors, sociodemographic characteristics (age and education), depressive and anxiety symptoms and cognitive performance; c) analyze whether personality factors are predictors of cognitive functioning in elderly with PD.

METHODS
=======

Design
------

A cross-sectional, correlational, exploratory study was conducted.

Participants
------------

A total of 30 elderly with PD participated in this study, recruited from the Parkinson\'s Association of Rio Grande do Sul (APARS) and the Ambulatory Movement Disorders unit of the São Lucas Hospital of Porto Alegre, Rio Grande do Sul, Brazil. All participants were diagnosed with PD by a neurologist and were using medication to control the disease. One participant was excluded for having a score on MoCA suggestive of dementia.

Instruments
-----------

*Sociodemographic Data Sheet:* which included the variables age, sex and education.

*Five Factor Inventory NEO Revised - NEO-FFI-R (reduced version):* Evaluates the five personality factors: Neuroticism, extraversion, openness, agreeableness and conscientiousness. The Cronbach\'s alpha coefficient of the instrument varies from 0.70 to 0.83 on the different factors.[@B25] ^,^ [@B26]

*Digit Span Subtest of The Wechsler Adult Intelligence Scale (WAIS-III):* This measures working memory, the extent of concentrated verbal attention, immediate memory retention and the ability for reversibility. Normative data for elderly people are available.[@B27] ^,^ [@B28]

*Montreal Cognitive Assessment - MoCA:* This is an instrument for screening dementia. The test totals 30 points where a score ≥26 points indicates normality, and \<25 points indicates MCI.[@B29] The MoCA has a Cronbach\'s alpha of 0.83, high internal consistency, 90% sensitivity in the recognition of MCI, 100% sensitivity in the recognition of Alzheimer\'s disease, and specificity of 87%.[@B30] In this study, individuals with dementia scoring a total of less than 21 points were excluded.

*Phonemic Verbal Fluency Test - FAS:* This measures phonemic verbal fluency with a sensitive measure of executive functions.[@B31] In the study by Machado et al.,[@B32] normative data were provided for the elderly population (60-93 years old). The FAS has a Cronbach\'s alpha of 0.83.[@B33]

*Semantic Verbal Fluency Test - Animals Category:* This test evaluates the processing of executive functions, especially those assessing the ability to organize thought and the strategies utilized for word searching.[@B31] Normative data for the elderly population were established by Brucki et al.[@B34]

*Word list subtest and Boston Naming Test of the CERAD Battery*: The word list evaluates verbal episodic memory, besides immediate and delayed recall and recognition. The Boston naming test (BNT) is considered a language test and evaluates the ability of naming and visual perception.[@B35]

*Matrix Reasoning of the BETA III:* Evaluates the processing of visual information and abstract reasoning and is a measure of general intelligence.[@B36]

*Beck Anxiety Inventory - BAI:* Evaluates the intensity of anxiety symptoms. The summed items result in a total score ranging from zero to 63 points.[@B37]

*Geriatric Depression Scale (GDS-15):* This is a measure utilized to identify and quantify depressive symptoms in the elderly. The lowest possible score is zero and the highest is 15.[@B38]

*Modified Hoehn Yahr Scale*: This is a measure of the PD stages describing instability, rigidity, tremor, and bradykinesia.[@B39]

Data collection
---------------

First, this study was approved by the Research Ethics Committee of *Pontifícia Universidade Católica do Rio Grande do Sul* under the number CAAE 51228015.5.0000.5336. After approval, contact was made with the Parkinson\'s Association of Rio Grande do Sul (*APARS*) and the Ambulatory Movement Disorders of the *Hospital São Lucas de Porto Alegre, Rio Grande do Sul, Brazil,* where participants were invited to take part in the study. Participants who agreed to take part completed and signed the Free and Informed Consent Form. The participants then completed the evaluation instruments which were applied in the following order: Sociodemographic data sheet, MoCA, digits span, battery word list CERAD (recall), Matrix Reasoning - BETA III; Word list (recall), word list (recognition), phonemic and semantic verbal fluency, Boston naming test, GDS 15, BAI and NEO-FFI-R. Each participant was evaluated during a single session lasting three hours.

Data analysis
-------------

The data were analyzed using the statistical package SPSS, version 23 for Windows. Descriptive analyses (mean, standard deviation and percentages) and inferential statistics were utilized. Data distribution was investigated by the Kolmogorov-Smirnov test. The classification of performance on the instruments was performed by calculating the *z* score (digits span subtest, phonemic and semantic verbal fluency tasks, list of words on CERAD battery and Boston Naming Test) or specific cut-off points (MoCA, Beta III, GDS-15, BAI, NEO-FFI-R). Pearson\'s correlation was utilized to verify associations between personality characteristics, age, education, depressive and anxiety symptoms. Partial correlations, controlling for the effects of age, education, and depressive and anxiety symptoms, were utilized to determine the association between cognitive performance and personality characteristics. Based on the results of the correlations, linear regression analysis was performed using the entry method to verify the impact of personality factors on cognitive performance. The results were considered significant if *p* \<0.05.

RESULTS
=======

A total of 30 individuals, age range 60-86 years, mean age 68.97 years (SD = 6.35), including 17 (56%) women participated in this study. Disease duration ranged from 1 to 18 years, mean 7.1 years (SD 5.64). Education ranged from 4 to 20 years, mean 12.27 years (SD = 5.19). Regarding depressive and anxiety symptoms, mean score obtained on the GDS-15 was 5.17 (SD = 3.20) and 43% (n = 13) of participants had scores suggestive of significant depressive symptoms. Mean score on the BAI was 14.77 (SD = 11.70) and 27% (n = 8) of participants exhibited moderate-to-severe anxiety symptoms. According to the Modified Hoehn Yahr Scale,[@B39] most participants were in the early stages, with 15 (50%) classified as Stage 1 and 6 (20%) patients as Stage 2. Regarding cognitive performance, the classification of participant performance is given in [Table 1](#t1){ref-type="table"}.

###### Mean, Standard Deviation (SD) and Performance Classification on Cognitive Instruments

                                Descriptive           Classification                  
  ----------------------------- ------------- ------- ---------------- --- ---------- ---------
  DO Digits - Score             6.93          1.87    4-11                 27 (90)    3 (10)
  IO Digits - Score             4.23          1.55    2-7                  30 (100)   0 (0)
  CERAD-WL - Immediate recall   14.57         4.97    3-23                 21 (70)    9 (30)
  CERAD-WL - Delayed recall     2.97          2.16    0-8                  22 (73)    8 (27)
  CERAD-WL - Recognition        7.40          2.54    1-10                 20 (67)    10 (33)
  MR - BETA-III                 11.23         4.20    5-5                  24 (80)    6 (20)
  VF - FAS                      29.47         12.92   7-70                 30 (100)   0 (0)
  VF - Animals                  12.97         4.35    4-22                 28 (93)    2 (7)
  BNT                           13.50         1.53    9-15                 29 (97)    1 (3)

M: Mean; SD: Standard Deviation; DO: Direct order; IO: Indirect order; CERAD-WL: Consortium to Establish a Registry for Alzheimer\'s Disease; -Word List Subtest; MR: Matrix Reasoning of BETA III; VF: Verbal Fluency; BNT: Boston Naming Test.

On the evaluation of cognitive performance, the percentage of participants whose scores were suggestive of deficits ranged from 0% to 33%. The greatest deficits were found for verbal episodic memory (recognition). On the Digits span (indirect order) and verbal fluency (phonemic modality) tasks, which evaluate components of executive functions, all participants had satisfactory performance according to age and education. The means and standard deviations for the personality factors are depicted in [Table 2](#t2){ref-type="table"}.

###### Mean, Standard Deviation (SD) and Classification of Personality Factors.

                                   Descriptive           Classification                           
  -------------------------------- ------------- ------- ---------------- --- --------- --------- ---------
  NEO FFI-RP - Neuroticism         23.60         9.17    5-43                 12 (40)   10 (33)   8 (27)
  NEO FFI-RP - Extraversion        25.17         10.84   1-40                 15 (50)   6 (20)    9 (30)
  NEO FFI-RP - Openness            29.53         6.02    16-39                15 (50)   11 (36)   4 (14)
  NEO FFI-RP - Agreeableness       34.70         6.28    21-46                7 (23)    9 (30)    14 (47)
  NEO FFI-RP - Conscientiousness   34.37         5.61    23-45                4 (14)    13 (43)   13 (43)

M: Mean; SD: Standard Deviation; NEO FFI-RP: Five-Factor Inventory.

Regarding the personality factors, there was a higher frequency of low scores for extraversion and openness, while agreeableness and conscientiousness factors demonstrated a higher frequency of high scores classified. The results of the correlation analyses (Pearson and partial) between personality factors, age, education, cognitive performance and anxiety and depression symptoms are shown in [Table 3](#t3){ref-type="table"}.

###### Correlations between the Factors of Personality, Age, Education, Depressive and Anxiety Symptoms and Cognitive Performance.

                                NEO-FFI-R                                                                                                                                                                   
  ----------------------------- ------------------------------------------- -------------------------------------------- --------------------------------------- ------------------------------------------ ----------------------------------------
  Age                           -0.291                                      -0.264                                       -0.142                                  0.209                                      -0.033
  Education                     0.165                                       -0.075                                       0.171                                   -0.168                                     -0.263
  GDS-15                        0.660[\*\*\*](#TFN6){ref-type="table-fn"}   -0.655[\*\*\*](#TFN6){ref-type="table-fn"}   -0.322                                  -0.504[\*\*](#TFN5){ref-type="table-fn"}   -0.396[\*](#TFN4){ref-type="table-fn"}
  BAI                           0.632[\*\*](#TFN5){ref-type="table-fn"}     -0.517[\*\*](#TFN5){ref-type="table-fn"}     -0.177                                  -0.433[\*](#TFN4){ref-type="table-fn"}     -0.326
  DO Digits - Score             0.100                                       -0.119                                       -0.021                                  -0.118                                     0.107
  IO Digits - Score             0.029                                       0.244                                        -0.070                                  -0.046                                     0.138
  CERAD-WL - Immediate recall   0.044                                       0.377                                        0.190                                   -0.151                                     0.082
  CERAD-WL - Delayed recall     0.194                                       0.373                                        0.407[\*](#TFN4){ref-type="table-fn"}   -0.088                                     -0.092
  CERAD-WL - Recognition        0.086                                       0.289                                        -0.152                                  -0.156                                     -0.007
  MR - BETA-III                 -0.405[\*](#TFN4){ref-type="table-fn"}      0.272                                        -0.023                                  0.275                                      -0.047
  VF - FAS                      0.329                                       0.436[\*](#TFN4){ref-type="table-fn"}        0.291                                   -0.139                                     0.004
  VF - Animals                  0.155                                       0.361                                        -0.042                                  -0.022                                     -0.230
  BNT                           0.243                                       0.095                                        0.276                                   0.184                                      0.171

GDS-15: Short Geriatric Depression Scale; BAI: Beck Anxiety Inventory; DO: Direct order; IO: Indirect order; CERAD-WL: Consortium to Establish a Registry for Alzheimer\'s Disease - Word List subtest; MR: Matrix Reasoning; VF: Verbal Fluency; BNT: Boston Naming Test.

p \<0.05;

p ≤0.01;

p ≤0.001;

Associations between personality characteristics, age, education, and anxiety and depression symptoms were performed using Pearson\'s correlation, whereas associations between personality factors and cognitive performance were verified through partial correlation, controlling for the effect of age, education, and depression and anxiety symptoms.

In relation to depressive symptoms on the GDS-15, a significant, strong positive correlation with the factor neuroticism, and a strong, negative correlation with extraversion, was found. Moderate and negative associations with agreeableness and conscientiousness factors were found. BAI scores also demonstrated significant, positive, strong correlations with neuroticism, and moderate and negative correlations with extraversion and agreeableness. Thus, the higher the level of neuroticism, the greater the depressive and anxiety symptoms.

With regard to cognitive performance, the neuroticism factor correlated significantly, negatively and moderately, with the result on the Beta-III, indicating that the higher the level of neuroticism, the lower the performance on tasks of abstract reasoning. The extraversion factor showed a moderate positive association with the phonemic modality of the verbal fluency task. Therefore, the greater the extraversion (sociability) ability, the better the results for general cognitive capacity and executive functions on the phonemic verbal fluency task. The openness factor showed only a moderate, positive, significant association with delayed recall on the CERAD Word List subtest. Thus, in relation to this sample, the more open to new experiences, the better the performance of episodic verbal memory (delayed recall). The other personality factors did not show significant correlations with the variables investigated. The linear regression analyses are depicted in [Table 4](#t4){ref-type="table"}.

###### Regression Analysis Models.

                                B ± SE          b       t       R^2^    F        p
  ----------------------------- --------------- ------- ------- ------- -------- -------
  CERAD-WL - Immediate recall                                                     
  NEO FFI-RP - Extraversion     0.251 ± 0.072   0.548   3.465   0.275   12.007   0.002
  CERAD-WL - Delayed recall                                                       
  NEO FFI-RP - Extraversion     0.056 ± 0.035   0.281   1.585   0.238   5.531    0.010
  NEO FFI-RP - Openness         0.129 ± 0.063   0.360   2.034                     
  CERAD-WL - Recognition                                                          
  NEO FFI-RP - Extraversion     0.115 ± 0.039   0.491   2.982   0.214   8.890    0.006
  VF - FAS                                                                        
  NEO FFI-RP - Extraversion     0.479 ± 0.206   0.402   2.322   0.132   5.393    0.028
  VF - Animals                                                                    
  NEO FFI-RP - Extraversion     0.179 ± 0.068   0.445   2.633   0.170   6.933    0.014

Unstandardized regression coefficient; SE: standard error; β: standardized regression coefficient; R2: squared multiple correlation coefficient; NEO FFI-RP: Five-Factor Inventory; CERAD-WL: Consortium to Establish a Registry for Alzheimer\'s Disease- Word List subtest; VF: verbal fluency.

According to the regression models, the extraversion factor contributed approximately 28% in immediate evocation memory, 21% in recognition memory, 13% in phonemic verbal fluency and 17% in semantic verbal fluency. Overall, the extraversion and openness factors contributed approximately 24% in the episodic memory scores for delayed recall.

DISCUSSION
==========

The results of this study demonstrated that the participants with PD had cognitive impairment, mainly in the functions of episodic memory (immediate recall, delayed recall and recognition) and executive functions (abstract reasoning and problem-solving). This result corroborates findings from previous studies.[@B40] ^,^ [@B41]

Memory deficits are among the most frequent changes observed in PD, characterized by difficulty recalling recently learned verbal information or impaired ability to use semantic coding effectively.[@B40] From the onset of PD, changes in executive functions are observed, which are independent of impairments in other cognitive functions.[@B41]

Regarding the prevalence of depression and anxiety symptoms in this study, 43% of the sample had scores suggestive of depressive symptoms and 27% suggestive of anxiety symptoms. The rates found were high due to the fact that all of the PD patients were in use of medication and under medical supervision. According to previous studies, symptoms of depression and anxiety are common in PD and often coexist.[@B42] ^,^ [@B43] The manifestation of depressive and anxiety symptoms may be in response to the diagnosis of the disease, given the patient is aware that PD is a chronic and neurodegenerative disease; or may be a consequence of neurological degeneration.[@B10] ^,^ [@B36]

Previous studies have reported similar findings of depressive and anxiety symptoms in patients with PD. Rocha[@B40] found a prevalence of 47% of mild or moderate depressive symptoms in individuals with PD. Another study found a prevalence of anxiety symptoms of 22% in PD patients, where 8.6% of the sample presented anxiety symptoms coexisting with depressive symptoms.[@B44]

Regarding the relationship between depression and anxiety symptoms and personality factors in the present study, a higher level of neuroticism correlated with greater depressive and anxiety symptoms. These findings corroborate the results of other studies. Farina, Argimon and Irigaray[@B45] also found that depressive symptoms exhibited a positive relationship with the neuroticism factor, and a negative association with the factors extraversion and conscientiousness, as well as a positive association between anxiety symptoms and the neuroticism factor in healthy elderly individuals. In the study by Koorevaar et al.,[@B46] severe symptoms of depression were directly associated with the neuroticism factor and inversely with the extraversion and conscientiousness factors in the elderly assessed.

Regarding personality factors, by and large, the results showed that half of the participants had low extraversion and openness to experience scores, and high agreeableness (socialization) and conscientiousness (achievement) scores. Some research has found that individuals with PD show a lower tendency for novelty seeking, related to the factor openness to experience, compared with healthy adults.[@B47] ^,^ [@B48]

Individuals with low openness experience had a more conservative approach, preference for routine activities and limited interest in new activities and changes. These aspects may be more frequently found in elderly individuals, given there is a decrease in the levels of the openness factor with age.[@B49] In addition, it can be inferred that, because PD is a chronic disease resulting in motor and cognitive limitations, engaging in new activities that are different from habitual ones can be difficult. This fact results in feelings of hesitation, fear and conformism, leading to low levels of openness to new experiences.

A review of the literature carried out by Santangelo et al.,[@B50] found that patients with PD were described by their caregivers as rigid, introverted and cautious. This type of personality is characterized by a reduction in openness to experience, including novelty searching and avoidance behaviors.

The low levels of extraversion found in the present study sample were also identified in the study by Damholdt et al.[@B24] These results may also be related to low openness levels. Thus, individuals with low extraversion have low exposure and less social stimulation, and a more reserved attitude. It is possible that more severe motor symptoms may impose greater limitations on physical mobility and social interactions. Thus, patients with PD, in addition to low interest in novelty, may have mobility difficulties and also develop feelings of shame about their own physical limitations and illness, choosing to spend more time alone and reserved.

The results of this study indicate that most patients with PD had low and average levels of neuroticism. This finding does not corroborate findings from the literature, which indicate that high levels of neuroticism are associated with PD, as well as emotional malaise and low adherence to treatment. A possible explanation for the low levels of neuroticism found is that all participants evaluated were undergoing medical monitoring and had good adherence to treatment, which may also be related to higher rates of conscientiousness and agreeableness. Thus, individuals with low levels of neuroticism and greater conscientiousness would be involved in health promotion behaviors, aiming to attain better physical health.[@B20]

Regarding the relationship between personality factors and cognitive functions, neuroticism correlated negatively with executive functions (abstract reasoning and problem-solving). Therefore, the higher the level of neuroticism, the lower the performance on the tasks of abstract reasoning and problem-solving. According to Kuzma et al.,[@B18] high rates of neuroticism are associated with poor performance on cognitive tasks, which may reflect the effect of chronic stress on cognitive aging.

The results of this study also showed that the higher the prevalence of extraversion, the better the results for executive functions (verbal fluency). In addition, the individuals evaluated that displayed greater openness to new experiences had better performance for verbal episodic memory (delayed recall). In the study by Sutin et al.,[@B22] extroverted and open participants had better results for verbal fluency. Booth et al.[@B26] found similar results, observing that openness to experience had a significant relationship with levels of verbal memory and general cognitive ability. According to the authors, openness promotes lifelong behavior patterns that lead individuals to engage in learning and leisure activities.

The extraversion factor helped explain the performance of patients with PD on memory tasks (immediate recall and recognition) and in executive functions (verbal phonemic and semantic fluency). This result corroborates the findings of Sutin et al.,[@B22] which indicated that high levels of extraversion and low neuroticism scores were associated with better performance of the elderly on episodic memory tasks. Together, the extraversion and openness factors helped explain the performance of the elderly with PD on verbal episodic memory (delayed recall). According to Chapman et al.,[@B16] among the dimensions of the Five-factor model, the factor openness to experience is the strongest predictor for good cognitive functioning in elderly people.

The present study reports innovative data on a subject little explored in the literature. However, there are some limitations that should be noted, such as the recruitment of participants which involved a convenience sample from the Parkinson\'s Association of Rio Grande do Sul and an Ambulatory Movement Disorders unit of a teaching hospital. The sample was therefore homogeneous. In addition, all participants were physically and socially active in groups, which may not reflect the situation of elderly with PD in general. Another limitation was the small number of participants with PD, which prevented other types of statistical analysis.

In conclusion, it can be concluded that participants with PD exhibited impairment in the functions of verbal episodic memory (immediate recall, delayed recall and recognition) and executive functions (abstract reasoning and problem-solving). In this study, the individuals who displayed openness to new experiences had better performance for verbal episodic memory (delayed recall). Together, extraversion and openness factors proved stronger predictors of the performance of the elderly with PD on verbal episodic memory tasks (delayed recall). The extraversion factor only contributed to the performance of the elderly with PD on memory tasks (immediate recall and recognition) and executive functions (verbal phonemic and semantic fluency).

Studies involving this population focusing on the variables investigated are scarce. Therefore, further studies with longitudinal designs that include participants with PD in different contexts should be conducted to track the relationship between personality factors and cognitive functioning throughout the aging process.

This study was conducted at the Pontifícia Universidade Católica do Rio Grande do Sul (PUCRS), Porto Alegre, RS, Brazil.
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